INTRODUCTION
Vortex tubes are simple machines which can turn the pressurized air which enters the tube into streams of both hot and cold air at the same time [1] . It was first discovered by the Frenchman George J. Ranque [2] , during the course of his work with air compressors and vortex pumps, although this was not the objective of his experiments. He found that when the air intake nozzle is shaped so as to force the air into a Tshaped cylinder which has nozzles around the middle of the tube close to the inlet, the air stream can be separated into flows of different temperatures. One exit releases the stream of hot air, while the opposite end serves as the cold stream outlet. Temperature separation or energy separation begins in the vortex tube with the tangential injection of the compressed air flow. This leads to a higher gas temperature of the inlet gas near the outer region of the tube than at its core. There are two kinds of vortex tube: one with a counter-current flow, and one with a con-current flow, also known as parallel flow. The most widely-used version in industrial settings is the countercurrent flow type, which causes hot and cold air streams to exit in opposite directions. The con-current flow type has the same exit direction of the cold air and the hot air but through separated outlets. The compressed air entry passes through nozzles around the tube radius near the entry. The air flow passing through the tube turns into a heavy swirling flow of high-speed velocities. This creates a centrifugal force directed away from the axis. Moreover, when the air is swirling inside the tube, it can be expanded and causes lower pressure along the axis line. The huge difference of the flow rates between the axial region and the wall region develops a kinetic energy reaction that transfers the lower temperature axial region to the higher temperature around the wall region. The effect is termed as the thermal separation phenomenon. In addition to the cold orifice structure of the tube, control valves were installed around the hot air exit. The low temperature air flow from the axis region reverses to escape at the orifice in the core region and passes through the cold outlet at the opposite direction of the hot cold outlet as in the illustration. There are a few advantages for having a vortex tube. Its application permits the use of free air as a substance in industrial processes with the air being non-toxic, favorable to the environment and as a consequence countering the effect of greenhouse gas, which is the main factor leading to global warming. The vortex tube is usually lightweight in design with no moving parts and no need for maintenance, convenient for usage and durable; and portable. These benefits make the vortex tube advantageous for public interest and employed in industrial processes. One way the vortex tube is sometimes used is to provide cooling when items are undergoing a cutting process on the production line to prevent heat damage [3] . The result of this application shows that the vortex tube's performance is equal to that of a traditional cooling system composed of chemical elements such as Chlorine, Sulphur and Phosphorus, which are harmful to the environment.
The name of the vortex tube refers to the nature of the air flow within its confines, although it has also been named the Ranque-Hilsch vortex tube in memory of its creators. It has since attracted considerable attention from researchers seeking to explain the thermal separation phenomenon which occurs within. Practically, the effective use of the vortex tube to describe the thermal separation phenomenon revolves around thermodynamic theory, heat transfer, and the mechanics of air flow. Although there are a lot of previous studies about the phenomenon, there still is no consensus on the exact theory as a basis to describe the complex behavior that occurs inside the tube. Therefore, more research on the topic is needed.
The vortex tube has a number of interesting practical applications, such as providing the cooling system for the control room that houses electronic components which govern electrical circuits and systems. They can also be used in industrial settings where metalwork processes generate excessive levels of heat, such as cutting or drilling, so that the metal pieces being worked must be simultaneously cooled to prevent heat or spark damage. The vortex tube can help reduce pollution from the coolant molecules which are large and difficult to deteriorate. Hence, the vortex tube can be referred as an environmental-friendly device.
The work of Eiamsa-ard [4] showed that the vortex tube is able to generate both hot and cold air upon compression of the air to 2-5 times that found at the inlet. This air passes tangentially through the tube in the absence of coolants, and starts to swirl strongly within the tube. The core region temperature falls below that of the area around the entry, causing hot and cold streams to separate. Cold air from the core will then pass via the opposite side of the valves which control the flow. In contrast, the hot air found at the walls of the tube will pass out on the same side as the control valves. The vortex tube generates hot and cold air streams via tangential velocities within the tube when the flow rate falls between 150 and 250 m/s, while at higher speeds it will reverse. Near the wall, the air temperature is hot, while the flow rate is low; conversely, the core of the tube sees low temperatures. A study of three dimensional heat transfers and air flow within the tube was conducted by Pankasikorn [5] who applied the Finite Volume Method and Turbulence Model. That study comprised two stages; the first sought to develop a suitable application for CFD software which would match or exceed the outcomes from earlier work. The aims of the study, however, emphasized the backward-facing step and the interior flow of a vortex stove which mimics that found within a vortex tube. The results from the first stage of that study were consistent with the reverse type of vortex tube. However, the result of the vortex stove type was high but the predictability of the flow rate was considerably not practical. Phase 2 research conduct dealt with the use of CFD software with the vortex tube of Parallel Flow and the vortex tube of the Counter-Flow. The result from Phase 2 by using Turbulence Model to measure the tangential velocities still could not effectively predict the Free Vortex. The result of the measurement of the temperature was higher than the experiment because of the limitation of the enthalpy value of the software. When comparing the cooling efficacies of both vortex types, it was found that the Parallel type had the higher cooling efficacy. Furthermore, a study examining the effects of vortex tube length, orifice diameter, substance type, and differing inlet air pressures upon the system cooling efficacy was carried out by Saidi and Valipour [6] . Their findings also revealed that inlet nozzles and the types of gas and the humidity levels had very high effects towards the reduction of the air temperature. Also, Promvonge and Eiamsa-ard [7] designed the snail entry which forced the air tangentially flowed into the vortex tube. Their finding supported that the snail entry could effectively reduce the air temperature and promoted the cooling efficacy.
As aforementioned, to reduce the temperature of hot air by means of a vortex tube which its temperature reduced required increasing wind speed. It affected the requirement to increase inlet air pressure. Furthermore, the design of snail entry could effectively reduce the air temperature by forcing closing the exit; therefore, it caused the vortex at the end of the last tube which is the weakness affecting the disorganizing wind flow. It is also the reason to increase air pressure resulting in the loss of energy. The error was fixed by developing snail entry that could effectively reduce the air temperature that forced swirling and increased the wind speed inside the tube. Moreover, the design included entry. The tangential velocities still could not effectively predict the free vortex that uses low air pressure to reduce the air temperature comparing the general use of pressure. In previous research from the aforementioned, the researchers put forward their attempts to improve the vortex tube capability, in terms of the length, types, airflow direction, and nozzle types. The success in reducing the air temperature was mostly found in the experiments with the air pressure of over 4 Bar. However, the air pressure that was less than 3 Bar was still found to be able to reduce the wind energy consumption. Therefore, the development of snail entry of the vortex tube to test the reverse airflow of tangential velocities of the tube can increase the air swirling rate inside the tube. The tangential velocities have high swirling rate and velocities. It then creates centrifugal force directed away from the axis. As the consequence, the expansion of airflow inside the tube reduced the pressure along the axial line of the tube. The difference of the air pressures between that in the core region and the region near the wall results in the kinetic energy from the core to the wall which results from the swirling within the cylindrical tube. This lowers the air temperature at the tube's core, causing the phenomenon of temperature separation. In summary, [8] the industrial sector can save energy through increased efficacy in the vortex tube, which is examined by experimentation with snail entry using low inlet air pressure to lower the air temperature.
METHODOLOGY
Regarding the vortex tube, when the inlet air pressures are compressed through the nozzles laid closing to the tube and the entry, it was found that the air flows through this tube will move heavily swirling with high speed, causing centrifugal force. Moreover, the flow expanded inside the tube resulting in low pressure at the core and causing the difference of speed flow in the core and the outer near the tube wall. It induced the transfer of kinetic energy from the core to the wall and it caused the low air temperature at the core while the air temperature at the wall area increased. This was called thermal separation or temperature separation. Besides, due to the tube structure had the cold orifice and the control valve had been installed at the end where the hot air was released and the low air temperature from the core reverse to the small open gab before flowing out of the vortex tube through the output which is not the same output of the hot air current. The thermal separation in the vortex tube it was discovered the length of vortex tube (L/D ≈ 20) [9] with a diameter of the nozzle (d/D ≈ 1/3) have the most efficiency. As a result, it is the key for designing vortex tube of this experiment.
Effective parameters used in the study: the most useful parameters in describing the operating attributes of the vortex tube cooling approach are the cold temperature difference and the cold stream mass ratio. It is possible to define the cold stream mass ration [10] , or fraction, as:
where ̇ denotes the rate of cold flow, ḣ represents the rate of heat flow, and ̇ denotes the rate of inlet flow rate [10] . The total temperature reduction, or cold temperature difference, shows the extent of the refrigeration as has the following definition:
where is the inlet stream temperature and is the cold stream temperature [11] .
Efficiency of isentropic expansion: given that the isentropic expansion of an ideal gas occurs within the vortex tube, it is possible to calculate the isentropic cooling efficiency, , by:
where is the cooling efficiency, represents the temperature following the isentropic expansion, denotes atmospheric pressure, and the specific heat ratio is shown by γ [12] .
Model: Earlier analysis demonstrated that the phenomenon of thermal separation stems from the way in which the mean kinetic energy is diffused in the vortex. At the tube axis, the temperatures are low both in total, and as static values, and these temperatures fall further nearing the cold exit or orifice of the vortex tube. The design of a vortex tube will have varying effects upon the way the mean kinetic energy is diffused, such that it is possible to design a vortex tube either to achieve maximum temperature separation, or simply to maximize the overall efficiency. When a specific pressure level is set, vortex tubes of differing design parameters are able to achieve identical outcomes in terms of temperature separation. However, when a design parameter has an influence upon the flow field, the vortex tube's performance will undoubtedly see an impact. 
and varying snail nozzle entry numbers (n) comprising 4, 5, 6, 7 or 8 inlet nozzles. Heat tube the hot gas flow rate at ( ℎ ) 0.6 according to the equation (1) 5 Shape of the cone valve. [13] . A cold gas flow rate of ( ) 0.4 of the flow rate for the inlet total mass is produced from the current boundary conditions on the basis of equation (1). It can be observed in Figure. 3 that if the cold orifice is very small, the back pressure in the tube would be increased, with the direct consequence being a drop in temperature separation. However, if the cold orifice were much larger, air would be drawn directly from the inlet, thus reducing the tangential velocity close to the inlet, and also causing lower temperature separation. Similarly, when the inlet nozzle is small, the pressure in the nozzle will fall, and the tangential velocity created will be low. Once again, temperature separation is reduced. If the inlet nozzle is too large, the correct vortex flow will not occur; the mean kinetic energy diffusion drops and the temperature separation is once again low. It is important for the inlet nozzle to be placed near to the orifice in order to maximize tangential velocities in the region of the orifice. If the nozzle is located farther from the orifice, the tangential velocity, along with the temperature separation. Experimentation is performed to establish the characteristics of the counter-flow vortex tube with inner diameters (d) at the cold orifice of 10, 12, 14, 16, and 18 mm.
Simulation: the analysis, by using finite volume, to describe the characteristics of the internal flow of single snail entry vortex tube with 4 tangential inlet nozzles at 3 bar pressure is illustrated in 3D model. These characteristics include the speed and direction of flow, temperature, flow rate, and pressure. [14] In terms of the temperature separation of the inner tube, it is analyzed by using CFD solid works flow simulation as shown in the Figure 4 below. Continuity equation
Equation of momentum along x axis
Equation of momentum along y axis
Equation of momentum z axis
Standard k -ε equation: k value and ε value generated from heat transfer equation The illustration imitates the temperature changes inside the tube, under the condition at 3 bar pressure, and at 25 °C. The result reveals that the lowest temperature discovered near the tube edge to the cold exit is at positions highlighted by arrow in Figure. 6, and that it is when the air transfer between the tube wall and the inner regions takes place that the increase in temperature will occur [16] .
Methods: In the experimental tests, the parameters used to adjust the characteristics of the vortex tube models were capable of generating very low temperatures at the cold air exit. The minimum temperatures obtained came with inlet air pressure 1 =1 bar, 2 = 2 bar, 3 = 3 bar for the vortex generation. These parameters contained no crucial dimension which would create a unique outcome in terms of maximizing the temperature separation. Understanding the intricacies of the phenomenon of temperature separation allows the design of the vortex tube to be fine-tuned such that its parameters can be adjusted to create the required temperature separation. When the inlet characteristics are fixed and thus the supply pressure is fixed, the use of a tube with a small diameter can increase the back pressure and as a consequence the tangential velocity differential between the core and the walls would be lower on account of the lower specific volume of air. Meanwhile, the axial velocity at the core would be high, causing low kinetic energy diffusion and hence leading to low temperature separation. Conversely, increasing the tube diameter would have the effect of reducing the tangential velocities at the core and at the walls, once again lowering the mean kinetic energy diffusion and reducing the extent of Figure. 8, the data logger was designed for measuring temperature of the single snail entry vortex tube. Temperatures and airflow rates within the tube were constantly evaluated using the data logger, with records taken each minute using twin CAT PLC control under visual basic 6 HMI. Figure. 8 shows the data logger results for the inlet air temperature( ), the cold air outlet temperature( ), the air pressure within the tube (Bar), and the rate of inlet air flow (Xc) [17] .
RESULTS AND DISCUSSION
The vortex tube is the device that can reduce the air temperature to minus degrees Celsius, from the typical air temperature of 25 °C out from a pump or an air compressor. The process takes place when the air swirls and separates the temperatures without using any coolant substances. Heat from the outer layers is involved in the process of energy transfer with the colder stream which is found at the vortex tube's axial line, as Figure. 9 shows. During this study the inlet air pressure rate for the entry was set at ( ) 3.0, 2.0, 1.0 Bar. The inlet air pressures is compressed through the nozzles along tangential velocities inside the vortex tube to create the movement from heavy air swirling and the shifts as the result of the air pressures that is forced through the nozzles. As the air enters the vortex tube and swirls around, the temperature at the tube's core is lower than at the entry [18] . At the tube wall, the temperature exceeds that at the inlet, so the snail entry was designed with these facts in mind in order to test the air temperature reduction efficacy using low pressure air inlet [19] [20] . A Data Logger was employed to monitor the temperatures and the airflow rates, with a vortex tube length of 200 mm, inner diameters of 10, 12, 14, 16 and 18 mm, the snail nozzle entries with 4, 5, 6, 7, and 8 inlet nozzles, the inlet air temperature at 25°C and the resulting exit air temperature as at °C.
The experiment on the use of the device and the measurement of the air temperature while entering into the vortex tube by thermocouple can be illustrated in the data logger. An experiment was conducted to examine the inner part of the tube, establishing the air temperatures at the inlet and at the cold air outlet via the orifice [21] . The results were then compared for tests using different numbers of nozzles (4, 5, 6, 7 , and 8 nozzles). Meanwhile, various different inner diameters were employed (10, 12, 14, 16 , and 18 mm) in assessing the drop in cold air temperature, and the energy separation of the vortex tubes internal pressure. Each test is carried out using set air pressure values at the snail entry, while = 3.0, 2.0, 1.0 Bar. The temperature drop in the cold air is given by the equation ∆ = − , measured at the maximum difference as indicated in Figure. 6, 7, and 8. In this study, the ratio of cold air mass compares the cold air flow rate and the intake air flow rate and is given by equation (1 Figure. 12 Experimental 3 bar for snail nozzle number in vortex tube. It was discovered (n) 6 inlet nozzles and a tube inner diameter of (D) 16 mm. minimum temperature of -20.2°C when testing the influence of the various parameters related to inlet nozzles and the differing inner diameters upon reducing energy separation within the vortex tube or lowering the cold air temperature. Setting the air pressure fixed rate for snail entry at = 3 bars, gave the lowest temperatures, while the largest difference in terms of the reduction of cold air temperature (∆ ) was shown to be 45.2°C applying equation (2) From Figure. 13, the performance comparison in the reduction of the cold air temperature according to equation (3), with inner diameters (D) 10, 12, 14, 16 and 18 mm. and snail entry nozzles number of (n) 4, 5, 6, 7 and 8 found that the air pressure at 1 bar for a vortex tube inner diameter of 18 mm. gave a cooling efficiency (η) of 18.3 % with nozzle number (n) 8. An air pressure of 2 bars and a vortex tube inner diameter of (D) 14 mm. gave a cooling efficiency (η) 31.6%. with nozzles number 7. With an air pressure of 3 bars and a vortex tube inner diameter of (D) 16 mm. and a nozzles number of (n) 6, the cooling efficiency was (η) 41.6 %. 
CONCLUSION
This study was carried out in order to examine the influence upon thermal separation in the vortex tube by adjustments to the various parameters encompassing the inner diameters of the tube, the number of inlet nozzles, and the types of inlet air pressure. The cooling efficacy results showed that the maximum energy separation capability is achieved at the setup [22] of the outlet for cold air at 0.4 times the inlet air mass. The minimum temperature of the reduction is -20.2°C at a temperature inlet of 25°C. The maximum temperature difference ( ∆ ) was found to be 45.2°C. The inlet air pressure through the snail entry is 3.0 bar with a snail entry of 6 and 18 mm inner diameter of the tube. The maximum cooling efficiency equation gave (η) 41.6%. 
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